The amplitude for diffraction scattering due to an absorbing hard core is calculated and a formula valid even for a large scattering a~gle is obtained. The forward and backward diffraction scattering amplitudes are correlated and a comparison with experiment is made for np scattering.
The facts that all the hadron cross sections tend to constant values at high energy and that forward scattering amplitudes are dominantly imaginary, suggest that a scatterer behaves as a rigid absorber of a definite size. This geometrical picture is in accord with non-shrinking of the diffraction peaks with slopes almost equal to 1/ R2 (R being the radius) and independent of the incident energy.
In this note we shall calculate the amplitude for diffraction scattering due to absorption on this geometrical approach (i.e. in the x-representation rather than in the p-representation), and try to interpret the characteristic features of the elastic differential cross section. At extreme high energy, this picture should furnish a better approximation than the one based on the exchange of a number of particles or of Reggeons.
We consider a spin-conserving elastic channel 111 the center of mass system. The wave function of the incident particle satisfies
outside the absorption region. So far as spin-conserving scattering is concerned, Eq. (1) and the following arguments are applicable to any hadron (meson or baryon) .
Equation (1) must be solved under the boundary condition concomitant wIth the presence of a complete absorber of radius R. This can be done following the argument of the Fraunhofer diffraction in optics.
)
By means of Green's theorem the solution of Eq. (1) can be given as an integral over a surface S:
cp(x)=~J ~~cp-cp~~dS, 4n s p a n an p (2) where n denotes the direction of the outward normal and p IS the distance between x and the point on S. The surface S can be taken as a plane perpen-R. Fuf?uda and 1-1. Miyazawa dicular to the incident beam (which is taken as z-axis) immediately. behind the scatterer. (The surface is closed extending to the part at infinity, but its contribution is negligible). The assumption of a complete absorber with sharp edge manifests itself in the following Ansatz on S:
where b IS the impact parameter (= V x 2 + y2). Define the scattered wave C:Psc by
The difference from the plane wave arises only from the regIOn b<R and
where (J IS the C.m. scattering angle and Lir is the path difference -p -r. -The validity of this expression can be extended to the region (J>nI2. In so doing one can take, as the integration surface, an envelope of the Lorentz-contracted scatterer which is almost a disk (and the surface at infinity). On this disk, the Ansatz reads: c:p = plane wave on the illuminated side and = zero in the shade.
C:Psc is again given by (4) . In Eq. (4) the factor multiplying (exp ikr) Ir is the scattering amplitude f(O) whose absolute value squared gives the differential cross section d(J I dQ.
F is an even function of k sin (J and its explicit form is' gIven by
(5b) Equation (5a) corresponds to a disk with a sharp edge of radius Rand Eq.
(5b) corresponds to a diffuse edge smeared by a Gaussian factor exp ( -b 2 1 R2). 
For proton-proton scattering, the Pauli principle modifies Eq. (6) to
In Eq. (6) the function F should be almost independent of the incoming energy. Assuming that the elastic scattering at high energy is mainly diffractive in the forward region (i.e. assuming (J=(Jn) , nlFI2 for n-p scattering is calculated from observed cross sections and is plotted as a function of kJ_ Fig. l . Cross sections are compiled from experiments.
nl-jJ scattering is almost the same as n-p and does not show any significant difference. For an incident momentum above 6 Ge V / c, the above statement is fairly well satisfied. Equation (7) enables us to calculate the amplitudes for backward diffraction scattering so as to be coinpared with experimene) in Figs. 2 and 3 . The diffraction scattering amplitude is proportional to (n -()Y ~u, so that it vanishes at () = n and is dominated by other contributions such as baryon exchange in the extreme backward region. For 1 u 1 > 1 (Ge V / c y, the observed cross sections are consistent with the predicted curves, although this is not a conclusive evidence for the dominance of diffraction scattering over elastic scattering. At finite energy there are contributions from Reggeon exchanges and Regge cuts which arise from the interplay of Reggeons and absorption. 4 ) In fact, for p-jJ scattering below 20 Ge V / c, these contributions are not negligible.
It is interesting to note that 1 FI2 shows a structure at -t~l and 3 (GeV/cY, reminiscent of the Fraunhofer diffraction. However, d(J / dt calculated from (5a) does not give a good fit; the observed amplitude falls between (5a) and (5b). If a dip should be observed in deJ/du at u~-3(GeV/c)2, it would be a strong evidence that this structure arises from the Fraunhofer-like diffraction. We wish to thank Professor K. Nishijima for interesting discussions on the subject of this paper.
